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(54) Optical device and method for measuring velocity 



(57) In the field of non-intrusive velocity measure- 
ment, a device and a method for measuring the velocity 
of objects, particles or fluid flow is provided. The device 
comprises transmittermeans (1 ) comprising at least one 
linear an^ay (101) of surface emitting tight sources 
(102x), said tight sources (102) being arranged in a lin- 
ear configuratton spaced apart by a predetermined sep- 
aration distance (d), an optical system (1 03-1 05) includ- 
ing at least one imaging lens directing the substantially 
coherent electromagnetic radiation (10) emitted from 
the tight sources (102) into a measurement region in a 
predetermined manner producing an array of fringes or 
spots (4) spaced apart with a predetennined fringe dis- 
tance (A) corresponding to the separation distance (d) 
between the light sources (102), receiver means (2) 
comprising light manipulating means (202, 203) direct- 



ing the electromagnetic radiation (20) scattered from the 
measurement region to detection means including at 
least one detector (201 , 204, 205) detecting the scat- 
tered electromagnetic radiation (20) from the measuro- 
ment region as an object (3) passes through the meas- 
urement region, detector processing means processing 
the detected signals from the detector means corre- 
sponding to the particle(s) and suriace (3) passing the 
fringes (4) in the measurement region. 

According to the invention, the surface emitting tight 
sources are Vertical Cavity Surface Emitting l^erdi- 
odes (VCSEL). Hereby, a low power consumption is 
achieved just as a reliable and simple light source is pro- 
vided resulting in a robust non-intrusive velocity meas- 
urement system. 
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Description 

[0001] The present invention relates to a device for 
measuring the velocity of an object or particle, particu- 
lariy to non-i'ntrusrve optical measurement of the velocity 
of fluid flows, single particles, or solid object. 
[0002] Basically, two techniques for non-intrusive op- 
tical measurement of velocity of fluid flows or solid ob- 
ject are known in the art. 

[0003] According to a first principle, two parallel laser 
beams are focused in a measurement volume and two 
photo-detectors collect the scattered tight each time a 
particle passes through the focus of the laser beams. 
The speed of the particle is determined by cross-corre- 
lating the signals from the two detectors, i.e. by tracking 
the time it takes a particle to go from one focused spot 
to the next This technique is normally referred to as the 
Tlme-of-FWght Anemometry or TOF principle - some- 
times called a two-spof system. In this technique, the 
light from a laser is split into two laser beams that must 
be parallel and both must have their waists (focal points) 
located in the measurement volume with a well-defined 
mutual distance. This demands a delicate alignment of 
the system and usually requires a stable laser. The 
measurement volume is quite narrow so the system 
must be positioned with great accuracy in order to per- 
form the desired measurements. 
[0004] Another principle is often referred to as the La- 
ser Doppler Anemometer {LDA in case of flow measure- 
ment) or Laser Doppler Vetodmetry (LDV in case of sol- 
id-body measurement) principle. According to this tech- 
nique, two laser beams from the same laser intersect at 
their beanrhwaists. A set of parallel fringes of maximum 
energy will be created in the measuring volume. A par- 
tfele scatter Doppler shifted light from each beam as it 
passes through the measurement area and a photo-de- 
tector mixes these two optrcal signals to give an electri- 
cal signal with a modulation frequency proportional to 
the particle velocity. The velocity is determined by Fou- 
rier transformation and^or counting zero-crossings of 
the high-pass filtered signal. The LDA principle requires 
that the beam waists must be located at the intersection 
point, which demands an accurate alignment. In case 
the two beams do not intersect at the beannwaists, the 
frequency of the detected signal will depend on the 
crossing point of the partble, which is unacceptable. 
The laser must be frequency stable in order to control 
the fringe spacing, just as a high power laser is often 
required for velocity measurement according to this LDA 
principle - two issues that both Increase the cost of the 
laser system. 

[0005] From European patent No. 0 291 708 a device 
for measuring the speed of moving light-scattering ob- 
ject according to the LDA principle is known. This de- 
vice comprises stacked arrays of conventional edge- 
emitting laser dk>des arranged with a defined separation 
from one another producing a periodic intensity distribu- 
tion in the measuring volume. As the laser light is scat- 



tered from the objects in the measurement region into 
the detector, a periodic signal is obsen/ed. In order to 
be able to detemiine the direction, the laser diode an^ 
is arranged such that no emissk>n occurs in at least one 

5 location of a laser diode. 

[0006] Conventional laser diode arrays comes in two 
base kinds: In one kind the individual laser diodes are 
still phase-coupled, while in the other kind they are in- 
dividually addressable and have independent phases. 

10 The phase-coupled laser diode array has several draw- 
backs that seriously hinder its appfication to velocity 
measurement, such as described in the article 'F7oik- 
vekxity measurements with a laser diode array', Azza- 
zy, et a!., APPLIED OPTICS. Vol. 36. No. 12, 20 April 

15 1997, pp 2721-2729. 

[0007] The drawbacks of the phase-coupled laser di- 
odes and this technology are that the lasers have a rel- 
ative large beam-to-beam intensity variation, a low nriod- 
ulation depth for the fringe pattem, and an undesired a 

20 double-peak Intensity nnodulation in the far-field due to 
interference between light from different sources in the 
diode array. 

[0008] By addressing the individual laser diodes 
these drawbacks will disappear. However, conventional 

^ laser diodes are expensive, fragile at handling and they 
have relatively high power consumptions. Additionally, 
conventional laser diodes emit light at large divergence 
angles (approx. 30 degrees) calling for a high numerical 
aperture for the lenses used for collecting the emitted 

30 light. This will further increase the cost of the system, or 
introduce detrimental diffraction effects in the measur- 
ing volume rf an insufficient numerical aperture of the 
lens is used with the purpose of cutting the cost. In 2D 
configuration, the individual laser sources cannot be ad- 

3s dressed. 

[0009] These drawbacks have meant that this tech- 
nique has not matured into a commercially available ve- 
locity measuring equipment. 

[0010] On this basis, the object of the invention Is to 

^ provkie a devk» and a method of the initially menttoned 
kind that overconnes the above-mentioned drawt>acks 
with non-intrusive velocity measurement techniques. 
[001 1 ] This object is achieved according to the inven- 
tion by a devce and a method for measuring the velocity 

^ of objects, particles, or a fluki flow, comprising transmit- 
ter means comprising at least one linear array or a two- 
dimensional array of surface emitting lasers, said laser 
sources being arranged in a configuration spaced apart 
by a predetermined separation distance (d), an optical 

so system including at least one imaging lens directing the 
elec^magnetk: radiation emitted from the laser sourc- 
es into a measurennent region in a predetermined man- 
ner producing an array of fringes or spots spaced apart 
with a predetemriined distance (A) corresponding to the 

S5 separation distance (d) between the laser sources, re- 
ceiver means comprising light manipulating means di- 
recting the electromagnetic radiation scattered from the 
measurement region to detection means including at 
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least one detector detecting the scattered electromag- 
netic radiation from the measurement region as an ob- 
ject passes through the measurement region, detector 
processing means processing the detected signals from 
the detector means corresponding to the object passing 
the fringes in the measurement region. The surface 
emitting light sources could be Vertical Cavity Surface 
Emitting Laserdiodes {VCSELs), By the invention, it is 
realised that an equivalent solution could be high effi- 
ciency, infra red light emitting diodes instead of the laser 
sources if it is appropriate in an actual application. By a 
system according to the invention, it Is realised that co- 
herent as well as In-coherent light scattered from the 
light sources may be used depending on the nature of 
the non-Intrusive velocity measurement, unlike the 
known systems where it is imperative that the emitted 
light is coherent. 

[0012] By the invention, a devk» and a method are 
provided using non-expensive light sources. The sys- 
tem according to the invention is a robust system that is 
easy to aJign. The system only requires a medium or low 
power of each of the emitting light sources. By using VC- 
SEL an^ys, relatively inexpensive light sources are pro- 
vided that produce numerous benefits compared to the 
prior art techniques. The VCSEL arrays may be pro- 
duced from one wafer instead of using stacked laser di- 
odes. This makes alignment and calibration of the sys- 
tem easy. Moreover, there is only a minor temperature 
Influence on the calibration of the system according to 
the inventk)n as a temperature change may primarily 
change the emitted wavelengths, whch do not enter into 
the calibration factor. The VCSELs are small structures 
(each of approximately size 0.3 mm X 0.3 mm), which 
makes it possible to produce a compact system at rela- 
tively low costs. The light sources are produced in wa- 
fers, where the individual VCSELs are placed in a rec- 
tangular array with a mutual distance of approx. 0.25 
mm. The desired linear or 2-D configuration of VCSELs 
can thus be cut out of one wafer. Furthermore, the indi- 
vidual VCSELs can be functionally controlled while be- 
ing placed in the wafer, so as to assure that a functioning 
array is obtained before any expensive processing has 
taken place. This is advantageous as a robust system 
can be produced, whk:h is simple in assembly as the 
individual sources are bom with the predetemnined mu- 
tual distance. Due to the characteristics of the VCSELs, 
no interference between light scattered from the individ- 
ual beams occurs, making signal analysis easy. The 
system does not depend on the spatial coherence of the 
electromagnetic radiation. 

[0013] According to the invention, the array of light 
sources is imaged via the optical system that is de- 
signed as a clean-imaging system sometimes called a 
''4^f system", i.e. with two imaging lenses arranged such 
that the emitted light passes through both lenses so that 
the fringe distance is independent of the distance to the 
exit lens. The projected fringe spacing in the measuring 
volume is determined by the separatbn distance be- 



tween the VCSELs (approx. 0.25 mm) and the magnifi- 
cation of the optical system. Since the VCSELs are in- 
dividually controllable, an individual modulation of the 
fringes is possible, it being a space- and/or time-de- 

s pendent modulation. An arbitrary number of fringes may 
be produced in the measurement volume according to 
the requirements of the actual application. The velocity 
measurement is almost Independent of temperature, 
just as it is possible to detemnine the direc^on of the par- 

10 tide passing through the measurement region in a sim- 
ple manner. 

[001 4] The synthetic laser Doppler system according 
to the invention may be regarded as an extended TOP 
system. Electronic processing of the detected signals 

15 may be carried out in a relative simple manner, whk:h 
only demands a limited amount of computer power. 
Hereby, a real time measurentent may be provided in 
an inexpensive and reliable way. 
[QOI 5] In a basto set-up, the linear array of light sourc- 

20 es emit electromagnetic radiation in the near-infrared or 
visible spectrum through an imaging lens of focal length 
/focusing the light beams in the measurement volume 
producing a linear array of spots. The spot distance A 
is detemnined by: 

25 [0016] For imaging, we have ^/b+ 1/flf = 1/fgiving the 
spot distance A = d- tig, where 

d is the separation distance between the individual 
light sources, 

30 b is the distance between the lens and the measure- 
ment volume, and 
g is the distance between the linear VCSEL array and 
the lens. 

35 ipoiT] Preferably, the optical system includes a cylin- 
der lens. By Introducing a cylindrical lens, the intensity 
pattern produced in the image plane of the measure- 
ment volume will be in the fonm of parallel planes, usu- 
ally named fringes. By use of the cylinder lens, fringes 

40 with an aspect ratio, i.e. a "fringe width over fringe thick- 
ness" of arbitrary value may be produced. This feature 
may produce a relatively large measurement volume 
created in a simple manner with low power consump- 
tion. 

^ [0018] In another emkMxJiment of the invention, the 
imaging optical system includes two lenses, here 
named "dean imaging". The two lenses are arranged 
such that the fringes are produced by the emitted light 
from the laser array passing through both lenses and - 

50 if deemed appropriate - also through a cylinder lens sit- 
uated in the optical system, e.g. between the two lenses. 
Hereby, the fringe spadng or spot separatk>n A be- 
comes independent of the distance from the exit lens. 
In a first version of this embodiment, the cylinder lens is 

55 positioned with the lens centre line generally parallel to 
the linear direction of the laser source anray. The fringe 
spadng A is in this case detemnined by 
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where 

d is the separation distance of the light sources in 
the anray, 

ff is the focal distance of the first lens, and 
f2 is the focal distance of the second, exit lens. 

[001 9] Advantageously, the distance between the ar- 
ray of light sources and the first lens is f^, the distance 
between the exit, second lens and the Image plane of 
the measurement volume is &nd the distance be- 
tween the two lenses is + cylinder lens lo- 
cated with the respective focal distances from each of 
the lenses. the invention, it is realised that the cylin- 
der lens may be arranged in different planes according 
to prefenred preferences in a particular application. 
[0020] In a variant of the embodiment, the cylinder 
lens is positioned with the lens centre line inclined rela- 
tive to the linear direction of the laser source array or 
arrays. By rotating the cylinder lens, a closer fringe dis- 
tarK» Is produced in the imaging plane whilst maintain- 
ing the equidistant fringes. In a further variant of this em- 
bodiment, a plurality of linear arrays, i.e. a 2-D array, of 
surface emitting laser sources is parallelly an^nged. 
Hereby, the fringes may be equidistantly positioned and 
a measurenDent volume with particular small fringe 
spacing may be obtained increasing the accuracy of the 
velocity measurement. 

[0O21] In another embodiment, two linear surface 
emitting laser source arrays are arranged in two direc- 
tions, preferably mutually orthogonal. Hereby, a system 
for simultaneous velocity measurement in two directions 
is obtained. In this embodiment, the optical system may 
be similar to the single direction measurement system 
described above. The emitted electromagnetic radiation 
may have different wavelengths, different modulation 
frequencies or different coding In each of the arrays. 
Heretyy, the detection system may easily be adapted to 
detecting velocities in both directions. The optical sys- 
tem in these two direction measurement emt)odiments 
may be provided by a cylinder lens for each array in or- 
der to produce overiapping fringe patterns in the meas- 
urement volume. However, it is realised that a common 
cylinder tens that is inclined relative to both arrays may 
be provided, just as other optical manipulating means 
may be provided in order to obtain the desired fringe 
pattems. 

[0022] In another preferred embodiment, two detec- 
tors are successively anranged in the direction of meas- 
urement, preferably in the Fourier plane of the collecting 
lens. Hereby, the signals In the two detectors, as a light- 
scattering particle passes through the fringe pattern in 
the measurement volume, will obsen/e the same mod- 
ulation frequency but with a possible phase shift. This 
phase shift depends on the ratio between the particle 



size compared with the fringe spacing, as well as on the 
ratio between the detector spacing and the focal length 
of the lens of the receiving means. This means that not 
only the velocity but also the direction of movement and 

5 the particle size are detennined. 

[0023] The position of the detectors, i.e. the rec^eiving 
means may be chosen according to the c:irc»jmstances. 
The measured frequency of the temporal signal will be 
independent on the actual position of the detector sys- 

10 tern. 

[0024] in another prefened embodiment, the optical 
system includes a beam splitter diverting the electro- 
magnetic radiation reflected from the object to the re- 
ceiver means. This allows for a particnilariy compact de- 

15 sign of a system according to the invention. 

[0025] In a particular embodiment, a grating or diff rac- 
tive optical element with lines parallel with the axis of 
the laser array is provided in front of the beam splitter 
and an array of detectors cx>rrespondlng to the laser ar- 

20 ray is arranged. Eacti laser beam is split into two new 
beams, which are incident on the target at different an- 
gles relative to the direction of movement of the target 
surface (out-of-plane rotation). Due to the effect of Dop- 
pler shift and by using optical mixing at the detectors, it 

25 Is possible to measure out of plane relative angular dis- 
placement about the j^axis as a function of the /-posi- 
tion along the shaft, i.e. in the direction of the linear an^ay 
of light sources, e.g. the torsional twist of a structure. 
The relative angular displacement is related to the 

30 phase ctiange given by: 

Aa>(y) = 4K/B(y)/Ag, 



Aa>(>) is the phase change of the detected signal at 
positiony. 

f Is the focal length of the exit lens, 
40 e(y) is the angular displacement about the y-axis 

as a function of the /-coordinate, and 
Ag is the fringe spac:ing of an intermediate grating. 

[0026] in another preferred embodiment, a grating or 
^ diffFBCtive optical element with lines perpendicular to the 
axis of the laser array is provided and where a c^orre- 
sponding array of detectors Is arranged. The grating 
splits each laser beam in to two new laser beams, whicti 
hit the target slightly shifted in position In the xdirection. 
so By doing optical mixing of the backscattered light at the 
detectors the elongation of the target In the z direction 
can be measured in points along the x-axis. Hereby, tilt, 
bending or vibration of the target surface can be deter- 
mined. The mechanical measure can be related to the 
ss optical phase difference given by: 



35 where 
AOW 
f 

40 B(y) 

^9 
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A9(x)=ti:|£(x) 



where 



dx 



is the optical phase difference experi- 
enced by a pair of sub-beams on their 
way from the grating, to the target and 
back, 

is the focal length of the exit lens, 
is the fringe spacing of an intermediate 
grating and 

is the tilt/bending of the surface about 
the y^s as a function of x. 



[0027] As an alternative to the back-scattering mode, 
the receiving means may be located rn a position such 
that the emitted electromagnetic radiation is diffracted 
by an object passing the measurement region being re- 
ceived by the electromagnetic radiation, i.e. the receiv- 
ing means are positioned closely behind the measure- 
ment volume relative to the transmitted light, which as 
well is placed in close proximity to the scattering without 
any lenses In between. In partteular, for flow measure- 
ments, this may be advantageous, as an example, in a 
fluid flow channel with scattering particles. The particles 
will shadow the incident light and one large detector will 
collect the transmitted light diffracted by the particle. Op- 
tionally, an optk»l transmission grating is anranged In 
front of the detector, whereby the modulated signal re- 
ceived by the detector may be enhanced. 
[0028] By this embodiment, a partkxilarly compact 
configuration is provkied. The distance from the VCSEL 
array to the centre of the flow channel nnay be approx. 
1 mm. A practical applk^ation of this compact and single 
system could be to measure the flow in a capillary tut>e. 
[0029] Each VCSEL source in the an^y may be con- 
trolled independently. In partknilar, the electromagnetic 
radiation from the VCSEL source array may be provided 
with a time- and space-dependent encryption, such as 
pulses, phase or frequency shifts of intensity modulation 
or the like, for distinguishing the individual laser sources 
and/or each array of laser sources from one another 
Hereby, a "mnning light" may be provided. This makes 
it possible to detemntne the direction of the displacement 
by simple electronic processing and to code the signal 
from various projected arrays in ttie measuring volunrte. 
[0030] The signal processing means may be adapted 
with means for detenmining the displacement and/or the 
velocity of a single particle. As a supplement or as an 
altemative, the signal processing means may be adopt- 
ed with means for determining the displacement and/or 
the velocity of a solid surface or a f k)w of many partbles 
In the measuring volume at the same time. 
[0031] In the following, the invention is described in 
more detail with reference to the accompanying draw- 
ings, where: 
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fig.1 

fig. 2 
fig. 3 
fig. 4 

fig. 5 

fig. 6 

figs. 7 and 8 



figs. 9a and 9b 
fig. 10 

25 

fig. 11 

30 fig. 12 



fig. 13 



fig. 14 



is a schemata illustration of a bask: 
transmitter- and detector set-up of a 
system according to the invention, 
is a schematic side view of a simple 
transmitter design, 
is a schematic view of a basic trans- 
mitter design, 

is a preferred embodiment of a trans- 
mitter In a measuring system accord- 
ing to the invention, 
shows an embodiment of the system 
according to the invention for meas- 
uring velocity in two directions, 
shows a partknilar embodiment of 
the receiver means for determining 
both velocity, dirGCtk>n and parttele 
size, 

show a partbular compact configura- 
tion of a system according to the in- 
vention, 

show details of an embodiment of the 
invention producing a higher light 
source density, 

shows a schemata side view of an 
embodiment of the Invention for 
measuring torsional twist, 
shows a schematic side view of an 
embodiment of the inventk)n fortitt or 
vibration, 

Is a diagram of an electron^ proces- 
sor for the signal processing means 
in a system according to the inven- 
tion In frequency mode adapted for 
measurenrients of many partk^les or 
a soiki surfece, 

is a diagram of the electron^ 
processing in frequency mode adapt- 
ed for measurements of single parti- 
cles, and 

is a diagram of the electronk: 
processing in correlatk>n, i.e. zero- 
crossing mode. 



[0032] In figure 1 , a schematk: set-up of the devbe for 
non-Intrusive velocity measurement according to the In- 
vention is shown. A transmitter 1 transmits electromag- 
netic radiation 1 0 from a surface emitting light source 
array 101, including a linear array of VCSELs 102^ j, 
through an optical system including one or more lenses 
1 03, 1 04, towards a measurement volume 4 producing 
an array of fringes 40. This electromagnetk: radiation 1 0 
is reflected off an object or partk^le 3 passing through 
tiie measurement volume with a velocity v and this re- 
flected electromagnetk: radiation 20 is detected in a re- 
ceiver 2, including a detector 201 and an imaging lens 
202. The VCSELs ara advantageous, since a laser di- 
ode of the VCSEL (Vertical Cavity Surface Emitting La- 
serdiode) type is Inexpensive in pun::hase, has low pow- 
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er consumption and has better temperature stability 
than the alternative laser sources. Moreover, the VC- 
SELs emit a circularly symmetric intensity pattem with- 
out inherent spherical aberration. The wavelength is typ- 
ically approx. 850 nm. The VCSEL Is produced as a chip s 
on a wafer and rs open for ASIC implementation. 
[0033] In fig. 2, an embodiment of the transmitter 1 is 
shown, where the optical system includes a first and a 
second imaging lenses 1 03 and 1 05. By providing a sec- 
ond, exit lens 1 05 in the optical system, the system scat- io 
ing factor becomes independent or at least less depend- 
ent on the distance between the exit lens 105 and the 
measurement volume 4. The light beams fomning the 
intensity pattem 41 in the form of spots 41 (41^, 41 2, ... 
41 i) are directed into substantially parallel light beams is 
by the exit lens 105. 

[0034] In fig. 3, a cylinder lens 104 is arranged in the 
optical system after the first imaging lens 103. By this 
cylinder lens 1 04, the array of light beams from the VC- 
SELs 1 02| are converted into an array of linear, parallel 20 
fringes 40^, 4O2. 40j. When the distance from the 
transmitter array 1 01 of light sources 1 02 to the imaging 
lens 1 03 Is gand the distance from the imaging lens 1 03 
to the measurement volume 4 is b, the connection be- 
tween the separation distance d and the fringe spacing ^ 
A is: 

A=d'bfg, 

30 

[0035] In the embodiment shown in fig. 3, the fringe 
spacing is dependent on the distance from the exit lens 
- in the system shown in fig. 3 as the lens 103. 
[0036] In order to make the fringe spacing independ- 
ent of the distance from the exit lens, a second Imaging 35 
lens 105 is arranged in the optical system, such as 
shown In fig. 4. The fringe spacing is then given by: 

where and are the focal lengths of the first and sec- 
ond lenses 1 03 and 1 05. 

[0037] As shown in fig. 4, the cylinder lens 1 04 is po- 
sitioned between the two lenses 103, 105, preferably 45 
with a distance to each of the lenses corresponding to 
the focal length of the respective lens. 
[0038] In fig. 5, an embodiment of the invention is 
shown, where two measurement systems are arranged 
perpendicular to and overiapping each other. The two. so 
arrays of VCSELs 101 and 101^ are provided with VC- 
SELs transmitting with different wavelengths. The fringe 
patterns for each of the arrays are overiapping in the 
measurement volume 4. Hereby, it is easy to distinguish 
the measurements in the two directions from each other 55 
in the receiver (not shown) by inserting appropriate 
spectral filters in front of the detectors. Another way of 
distinguishing the light scattered from the linear VCSEL 
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arrays could be by imposing different modulation fre- 
quencies. 

[0039] The optical system is convnon to both meas- 
urement systems as the imaging lenses 103 and 105 
focus the emitted light from both an^ys 1 01 , 1 01 How- 
ever, two additional cylinder lenses 104, 104^ may be 
provided in order to form linear fringes 40, 40h in both 
directions. Other fringe-producing light manipulation 
means may of cause be provided instead - or in addition 
- to the cylinder lenses 104, 104^, e.g. an inclined com- 
mon cylinder lens having a cylinder axis different from 
both linear arrays. 

[0040] In fig. 6, a special embodiment of a system for 
velocity measurement according to the invention is 
shown. According to this embodiment, two detectors 
204 and 205 are successively arranged at a distance / 
from the receiving imaging lens 202 of the receiving 
means 2. Preferably, this distance is also the focal dis- 
tance /of the lens 202. The receiving means 2 may ad- 
vantageously be positioned such that the distance f be- 
tween the lens 202 to the measurement volume 4 and 
the array of fringes 40 also equals the focal length of the 
lens 202. The system in this embodiment can be set up 
in both back- and forward scatter mode. When a particle 
32 with a size larger than or comparable with the fringe 
thickness passes through the measurement volume 4, 
the light from a particular fringe 40j is directed toward 
the first detector 204 as the first part of the particle is 
scattered with light from this fringe 40|. As the particle 
moves further forward, this fringe 40| is then directed 
towards the second detector 205. The signal in the two 
detectors 204, 205 have the same frequency but may 
have a phase shift that depends on the ratio between 
the particle size compared with the fringe spacing and 
the ratio between the detector spacing and the focal 
length f of the lens 202. Hereby, the direction of the par- 
ticle movement may be determined by compsuing the 
two signals in the detectors. Besides, information on the 
particle size will be present in the phase shift between 
the two signals. 

[0041] In ftgs. 7 and 8, a compact and sinnple config- 
uration of a devKe for velocity measurement of fluid flow 
is shown. According to this embodiment, a transmitter 
1 and a receiver 2 are arranged dosely on each side of 
a capillary tube 31 In whfeh a fluid with light-scattering 
particles flows at a certain f tow rate v, such that the par- 
ticles will shadow an incident beam from a light source 
102 in the VCSEL array 101. The emitted beams from 
the linear array 101 of light sources 102 are received in 
one etongated detector 201 . By processing the signals 
received in the detector 201 , the velocity of the flow may 
be determined. In order to enhance the information in 
the signals received by the detector 201 a grating 203 
may be placed in front of the detector 201 . 
[0042] In another prefenred emkx>diment of the inven- 
tion, it is realised that a higher light source density and 
a smaller fringe spacing may be obtained by placing a 
number p of linear arrays IOI3, IOI5, 101et>esideeach 
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other with N VCSELs in each array producing apxN 
VCSEL array, as shown in fig. 9 a). By rotating the centre 
line of the cylindrical lens 1 04 relative to the array (see 
e.g. figs. 3 or 4), a compact profile of equidistant fringes 
40ai. 40bi, 40^1 ; 40^2. 40b2. 40^ ; 40^. 40^,. 40^ in the 
measurement volume may be obtained, as shown in fig. 
9 b). Hereby, the effective fringe spacing may be re- 
duced and the number of fringes increased and thus the 
accuracy of the measurement will be enhanced. 
[0043] A particular embodiment for measuring tor- 
sional twist is shown in figure 1 0. Lens 1 03 collimates 
the laser beams 1 0 emitted from the VCSEL array 1 01 . 
The grating 1 07 and lens 1 05 provide two sub-beams 
10a, VCSEL. A given pair of sub-beams 

1 0a, 1 0^ are being focused onto the targets by lens 1 05, 
and they intersects the target surface 3 at different an- 
gles (approximately of opposite sign). 
[0044] The backscattered light is collected by lens 
105, combined by the grating 107, redirected by beam 
splitter 106 and Imaged by lens 202 onto the detector 
plane 21 1 . Optical interf erometric mixing of a pair of sub- 
beams IO3, 10|, at a given detector 210 gives due to 
Doppler shift the rotational speed of the target 3 in the 
corresponding point of illumination. An array of detec- 
tors 210 corresponding to the VCSEL array 101 Is pro- 
vided in this embodiment, although only one detector 
210 is shown In the figure. Each detector 210 (and the 
corresponding VCSEL) provides one measurement of 
rotational speed at a different position along the y^ls. 
Hereby, it Is possible to measure out of plane relative 
angular displacement at)out the y-axis as a function of 
the /-position i.e. along the shaft, e.g. the torsional twist 
of a structure. The relative displacement is given by: 



where 



AO(y) = 4nfe(y)/A^, 



is the phase change of the detected signal at 
position y, 

is the focal length of the exit lens, 

is the angular displacement about the y-axis 

as a function of y. and 

is the fringe spacing of the grating or difhBctive 
optical element. 



[0045] in figure 1 1 , a device for measuring titt, bending 
or vibration is shown. The laser beanns 10, 11 from the 
VCSEL array are collimated by lens 103. A grating 1 07 
splits each laser beam 1 0, 1 1 in to two other sub-beams 
10i,102;11i,1l2 slightly shifted in angle of propaga- 
tion. Lens 105 focuses all the laser beams IO1, IO2 ; 
11^,112 onto the target surface in order to fomi a line of 
probing points of along tiie x-axis, where each probing 
point then consists of two slightly shifted illuminating 
spots (due to one pair of sub^eanris) 1 0^ , 1 02. 1 1 1 » 1 1 2 
etc. The target is vnaged onto the detector array 21 0 via 
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lens 105, beamsplitter 1 06 and lens 202. The scattered 
light from two illuminated spots in a given probing point 
will be combined to one image point in the detector plane 
211 by reversing through the grating, and optical mixing 
will provide the optical path difference experienced by 
the corresponding sub-beams. Therefore, the -tilt of the 
target surface about the y-axis as a func^on of the po- 
sitions of the probing points along the x-axis can be de- 
termined-: 



A,,(x)=^|£(x) 



IS where 



An 



dx 



is the optical phase difference experi- 
enced by a pair of sub-beams on their 
way from the grating, to the target and 
back. 

is the focal lengtii of the exit lens, 
is the fringe spacing of an intermediate 
grating, and 

is the tilt/bending of the surface about 
the y-axis as a function of x. 



[0046] The electronic processing of the detector sig- 
nals may be adapted to the nature of the signal velocity 
measurement to be performed. In figures 12 to 14, dif- 
ferent ways of carrying out the electronic processing are 
shown. 

[0047] In fig. 12, a flow chart for an electronic signal 
processing for velocity measurements of many particles 
or a solid surface in a frequency mode is shown. Ac- 
cording to this embodiment, the signal from the detector 
is amplified in an amplifier and then locked in a phase- 
or frequency locked loop. The phase- or frequency 
locked loop signal may be processed by a counter for 
detemiination of the displacement of the particles or sol- 
kl surface in the measurenrient volume. The output from 
the phase- or frequency locked loop may also be proc- 
essed in a frequency to voltage converter for giving of 
the instantaneous vebcity. 

[0048] In fig. 13, a flow chart for a frequency mode 
electrons processing adapted to velocity measurement 
of singte particles, e.g. in relation to flow measurement 
is shown, in this embodiment, the detector signal is am- 
plified and then processed in a band-pass filter In order 
to attenuate frequency components of the signal outside 
a certain frequency range. The filtered signal is proc- 
essed by a burst detector and then analysed in order to 
detemnine the velocity of the measured particles. This 
involves a Fourier transformation of the burst detected 
signal and then find the peaks of the signal. The quality 
of the signal of the peak finder may be improved by a 
frequency adjustment of the band-pass filter in response 
to the quality of the peak finder. Besides, wavelet trans- 
formation could be advantageous for signal processing. 
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[0049] The electronic processing shown in a zero 
crossing mode is shown in fig. 14. The detector signal 
is amplified and processed in a band-pass filter. This 
filtered s^nal is analysed for zero-crDsslngs so that a 
counter may detemnine the displacement. If the quality 
of the signal in the counter may be assessed and if 
deemed appropriate, the signal may be improved by a 
frequency adjustment of the band-pass filter 
[0050] By the Invention it is realised that variations of 
the embodiments of the Invention and equivalents there- 
of may be provided without departing from the scope of 
the invention as set forth in the accompanying claims. 



Claims 

1 . A device for measuring the velocity of objects, par- 
ticles or fluid flow, comprising 

transmitter means (1) comprising 

at least one linear array (101) of surface 
emitting light sources (102J, said light 
sources (102) being arranged in a linear 
conf^uratlon spaced apart by a predeter- 
mined separation distance (d), 

an optical system (103-105) including at 
least one Imaging lens directing the elec- 
tromagnetic radiation (10) emitted from the 
light sources (1 02) into a measurement re- 
gion in a predetermined manner producing 
an array of spots or fringes (4) spaced 
apart with a predetermined fringe distance 
(A) corresponding to the separation dis- 
tance (d) between the light sources (102), 

receiver means (2) comprising 

light manipulating means (202, 203) direct- 
ing the electromagnetic radiation (20) scat- 
tered from the measurement regiion to 

detection means including at least one de- 
tector (201, 204, 205) detecting the scat- 
tered electromagnetic radiation (20) from 
the measurement region as an object (3) 
passes through the measurement region, 

detector processing means processing the de- 
tected signals from the detector means con^e- 
sponding to the particle(s) and surface (3) 
passing the fringes (4) In the measurement re- 
gion. 

2. A device according to daim 1. wherein the light 
sources are Vertical Cavity Surface Emitting Laser- 
dlodes(VCSEL)(102). 



3. A device according to claim 1 or 2, wherein the op- 
tical transmission system includes a cylinder lens 
(104). 

5 4. A device according to any of the claims 1 to 3, 
wherein the optical system includes two lenses 
(103, 105) arranged in a telescopic set-up. 

5. A device according to the daim 1 to 4, wherein the 
10 cylinder lens (1 04) is positioned with the lens centre 

line generally parallel or perpendicular to the linear 
direction of the laser source array (1 01 ). 

6. A device according to the daim 1 to 5, wherein the 
IS cylinder lens (1 04) is |M>sltioned with the lens centre 

line inclined relative to the linear direction of the la- 
ser source array or arrays (1 01). 

7. A device according to the daim 1 to 6, wherein a 
20 plurality of linear arrays (101^^^ of laser sources 

(102) is parallelly anranged. 

8. A device according to the claim 1 to 6, wherein two 
linear laser source arrays (1 01 , 1 01 h) are arranged 

25 In two directions, preferably mutually orthogonal. 

9. A device according to daim 8, wherein the emitted 
electromagnetic radiation has different wave- 
lengths and/or modulation frequencies of the output 

30 intensities in each of the an^ays (1 01 , 1 01 1 01 

10. A device according to the claim 1 to 9, wherein two 
detectors (204, 205) are successively ananged In 
the direction of measurement. 

35 

11. A device according to any of the daims 1 to 10, 
wherein the receiving means (2) are located in a po- 
sition such that the received electromagnetic radi- 
ation (20) is back-scattered radiation of the emitted 

40 electromagnetic radiation (1 0) from the object (3) in 
the measurement region. 

12. A device according to daim 11 , wherein the optical 
system indudes a beam splitter (1 06) diverting the 

^ electromagnetic radiation (20) scattered back from 
the object (3) to the receiver means (2). 

13. A device according to daim 12, wherein a grating 
or a diffractive optical element (107) with grating 

so lines perpendicular to the laser array (101) are pro- 
vided, and where an array of detectors (210) corre- 
sponding to the laser array (101) is arranged. 

14. A device according to daim 12, wherein a grating 
55 or a diffractive optical element (107) with grating 

lines parallel to the laser array (101) are provided. 

15. A device according to any of the daims 1 to 10, 
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wherein the receiving means (2) are located in a po- 
sition such that the emitted electromagnetic radia- 
tion (1 0) is scattered by an object or a flow of parti- 
cles (3, 31) passing through the measurement re- 
gion (4) and being received by the recehnng means 
(2) downstream the transmitter means. 

16. A device according to claim 15, where an optical 
transmission grating (203) is anranged before the 
detector (201). 

17. A device according to any of the preceding claims, 
wherein the output power of each laser source (1 02) 
In the array (101) may be controlled independently. 

18. A device according to any of the preceding claims, 
wherein electromagnetic radiation from the surface 
emitting laser source array (101) is provided with a 
coding, such as running light, pulses, phase or fre- 
quency shifts of intensity modulation or the like, for 
distinguishing the individual laser sources (102) 
and/or each array of laser sources (101, 101|^; 
101|(, 101|^ lOIJ from one another. 

19. A device according to any of the preceding claims, 
wherein the signal processing means involves 
means for detennining displacement, velocity and^ 
or acceleration of a single particle. 

20. A device according to any of the claims 1 to 19, 
wherein the signal processing means involves 
means for detemiining the displacement and/or the 
velocity of a solid surface or a flow of many particles. 

21. Adeviceaccordingtoanyofthedalmltoe, where- 
in the surface emitting light sources are light emit- 
ting diodes (LED's), preferably high effect, infra red 
LED's. 

22. A device for measuring the velocity of objects, par- 
ticles or fluid flow, comprising 

transmitter means (1) comprising 

at least one linear array (101) of surface 
emitting laser sources, such as VCSELs 
(102^, said laser sources (102) being ar- 
ranged in a linear configuration spaced 
apart by a predetermined separation dis- 
tance (d) producing an array of fringes In a 
measurement region, 

receiver means (2) comprising 

light manipulating means (203) directing 
the elec^ronr^gnetic radiation scattered 
from the measurement region to 



detection means including a detector (201) 
detecting the scattered electromagnetic ra- 
diation from the measurement region as an 
object (3) passes through the measure- 
5 ment region, 

detector processing means processing the de- 
tected signals from the detector means corre- 
sponding to the particle (3) passing the fringes 
10 (4) in the measurement region. 

23. A method of measuring the velocity of an object, a 
particle, or a fluid flow, by perfonning the steps of: 

IS - emitting electromagnetic radiation from a trans- 
mitter comprising at least one linear array (101) 
of surface emitting light sources (102^), said 
light sources (102) being arranged in a linear 
configuration spaced apart by a predetemnined 

^ separation distance (d), through 

an optical system (103-105) including at 
least one imaging lens directing the elec- 
tromagnetic radiation (1 0) emitted from the 
2s light sources (1 02), Into 

a measurentent region producing an an^ay 
of spots or fringes (4) spaced apart with a 
predetermined fringe distance (A) cprre- 
30 spending to the separation distance (d) be- 

tween the light sources (102), 

receiving the electromagnetic radiation (20) 
scattered from the measurement region in de- 
35 tection means Including a detector (201 , 204, 

205) detecting the scattered electromagnetic 
radiation (20) from the measurement region as 
an object (3) passes through the measurement 
region, and 

40 

processing the detected signals from the detec- 
tor means corresponding to the object (3) pass- 
ing the fringes (4) in the measurement region 
to detennine the velocity of the object or particle 
45 involved. 

24. A method according to dalm 23, wherein the light 
sources are Vertical Cavity Surface Emitting Laser- 
diodes (VCSEL) (102). 

50 

25. A method according to claims 23 or 24, wherein the 
fringes (40) that are produced by the optical system 
are widened by a cylinder lens (104). 

55 26. A method according to claims 23 to 25, wherein the 
optical system of the transmitter (1) includes two 
lenses (103, 105) anranged in a telescopic set-up. 
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27. A method according to claims 23 to 26, wherein the 
cylinder tens (1 04) is positioned with the iens centre 
line generally parallel to the linear direction of the 
laser source anray (101). 

5 

28. A method according to claims 23 to 26, wherein the 
cylinder lens (1 04) is positioned with the lens centre 
line inclined relative to the linear direction of the la- 
ser source array or arrays (1 01 ). 

10 

29. A method according to claims 23 to 28, wherein a 
plurality of linear arrays (101^, 101|,, 101 J of sur- 
face emitting light sources (102) are parallelly ar- 
ranged. 

IS 

30. A method according to claims 23 to 28, wherein a 
two linear su rf ace emitting light source arrays (101, 
1 01 ^ are arranged in two directions, preferably mu- 
tually orthogonal. 

20 

31. A method according to claim 30, wherein the emit- 
ted electromagnetic radiation has different wave- 
lengths and/or different modulation frequencies of 
the output intensities in each of the arrays (101, 
IOIh; 101^. 25 

32. A method according to claims 23 to 31 , wherein two 
detectors (204, 205) are successively ananged in 
the direction of measurement. 

30 

33. A method according to claims 23 to 32, wherein the 
receiving means are located in a position such that 
the received electromagnetic radiation (20) is back- 
scattered, the emitted electromagnetic radiation 

(1 0) from the object (3) in the measurement region. ^ 



measurement region (4) being received by the re- 
ceiving means (2, 201) downstream the light trans- 
mitting means (1). 

38. A method according to daim 37, where an optical 
transmission grating (203) is arranged before the 
detector (201). 

39. A method according to claims 23 to 38, wherein 
each surface emitting laser source (1 02) in the an^ay 
(101) may be controlled independently. 

40. A method according to claims 23 to 39, wherein 
electromagnetic radiation from the surface emitting 
laser source array (101) is provided with a coding, 
such as intensity variations, pulses, phase or fre- 
quency shifts of intensity modulation or the like, for 
distinguishing the individual laser sources and/or 
each array of laser sources from one another. 

41 . A method according to any of the claims 23 to 40, 
wherein the signal processing invohres amplifying 
the signal from the detector and processing the am- 
plified signal in a phase or frequency locked bop, 
whereafter the signal Is processed in a counter for 
determining the displacement of the object or parti- 
cle passing through ttie measurement region, and/ 
or the signal is processed in a frequency to voltage 
converter in order to detemfiine the velocity of the 
object or particle. 



34. A method according to claim 33, wherein the optk^l 
system includes a beam splitter diverting the elec- 
tromagnetic radiation (20) reflected from the object 

to the receiver means. 40 

35. A method according to datm 34, wherein grating or 
diffractive optical element (107) with grating lines 
perpendicular to the surface emitting laser array 

(1 01 ) are provided, and where an array of detectors ^ 
(21 0) corresponding to the surface emitting laser ar- 
ray (101) is arranged. 



38. A method according to daim 34. wherein grating or 
diffractive optical element (107) with grating lines so 
parallel to the surface emitting laser array (1 01 ) are 
provided, and where an array of detectors (210) is 
arranged. 



37. A method according to any of the daims 23 to 32, 55 
wherein the receiving means (2) are located in a po- 
sition such that the emitted electromagnets radia- 
tion (10) is scattered by an object (3) passing the 
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